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(57) ABSTRACT

Disclosed is a touch screen device. The touch screen device
includes a touch screen panel configured to include a plurality
of driving electrodes, which are disposed in parallel in a first
direction, and a plurality of sensing electrodes which are
disposed in parallel in a second direction, and a touch circuit
unit configured to, when a touch type of a previous touch
sensing period is a finger touch, sequentially apply a driving
pulse to a plurality of second driving electrodes but not to a
plurality of first driving electrodes among the plurality of
driving electrodes, and receive a plurality of sensing signals
based on the driving pulse from the plurality of sensing elec-
trodes.
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FIG. 3

< Finger Mode >

]

RX1 RX2 BX3 Rx4 RXb

TAVE 20 4] 20 4 45 {1 58 || 55

T3 140 | 50 || 80 |} 80

~|
(2]

><
(&)
1]
o
i
L
<
)]
T
o3
[

RXT RXZ2 RBX3 RX4 RXb RX1 RX2 RX3 RX4 RX5
TX1 120§ 30 {] 45 11 55 1) B3 TX1 12041 80 1) 45 5155

Tx2 | 30 4 40 || 50 1] 65 || 70 RAENES RN ER R
{data interpclation)
75 TX3140 (1 50 1 804 B |1 75

Q::j [ Sisiasu T St T S e T e 3 |

[X4 1 35 it 45 70 PTXAT 3 4 BB T T f
s (data intsrpolation)
Tx5 125 1 40 11 50 i} 65 ‘\\60 TX51 25 {1 40 {1 B0 i 65 1] 60
sportatter | data compensation
cooid naies S Touched using adiacernt

are oxtracted finqer point channel vaiue



U.S. Patent May 31, 2016 Sheet 4 of 8 US 9,354,693 B2

RX1 RXZ RX3 RX4 RXb

Sensed raw daia

RXT RXZ HXZ RX4 RXb

TX2 1O 4 20§ 15

E:D TX3 20

TX4 10§30 4 15

Touchsd

pen point

K-

Report alter
coordinates
are sxtractad



U.S. Patent May 31, 2016 Sheet 5 of 8 US 9,354,693 B2




U.S. Patent May 31, 2016 Sheet 6 of 8 US 9,354,693 B2

FIG. 7
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TOUCH SCREEN DEVICE, TOUCH SCREEN
DISPLAY DEVICE USING THE SAME, AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0169110 filed on Dec. 31, 2013, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND

1. Field of the Invention

The present invention relates to a touch screen panel, and
more particularly, to a touch screen device and a touch screen
display device using the same.

2. Discussion of the Related Art

A touch screen is a type of input device that is included in
display devices such as liquid crystal display (LCD) devices,
field emission displays (FEDs), plasma display panels
(PDPs), electroluminescent displays (ELDs), and electro-
phoretic displays (EPDs), and enables a user to input infor-
mation by directly touching a screen with a finger, a pen or the
like while looking at the screen of the display device.

A touch screen is divided into a plurality of touch driving
areas and a plurality of touch sensing areas, and a mutual
capacitance is generated between the touch driving areas and
the touch sensing areas. Therefore, whether there is a touch is
determined by measuring an amount of change in a mutual
capacitance based on the touch.

In a case where a touch is detected by a mutual capacitance
type touch screen, since a size of a touch pattern is small
formed for recognizing a touch of a pen in which a touched
area is narrow. As the number of touch channels increases, a
driving time and power consumption for driving the touch
channels increase for detecting a finger touch and a pen touch.

SUMMARY

Accordingly, the present invention is directed to provide a
touch screen device and a touch screen display device using
the same that substantially obviate one or more problems due
to limitations and disadvantages of the related art.

An aspect of the present invention is directed to provide a
touch screen device, a touch screen display device using the
same, and a driving method thereof, which perform a finger
touch driving operation with low power unlike a pen touch
driving operation, thereby reducing consumption power.

Additional advantages and features of the invention will be
set forth in part in the description which follows and in part
will become apparent to those having ordinary skill in the art
upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of'the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, there is provided a touch screen device
including: a touch screen panel configured to include a plu-
rality of driving electrodes, which are disposed in parallel in
a first direction, and a plurality of sensing electrodes which
are disposed in parallel in a second direction; and a touch
circuit unit configured to, when a touch type of a previous
touch sensing period is a finger touch, sequentially apply a
driving pulse to a plurality of second driving electrodes but
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2

not to a plurality of first driving electrodes among the plural-
ity of driving electrodes, and receive a plurality of sensing
signals based on the driving pulse from the plurality of sens-
ing electrodes.

In another aspect of the present invention, there is provided
a method of driving a touch screen device, including a touch
circuit unit and a touch screen panel, the touch screen panel
including a plurality of driving electrodes, which are disposed
in parallel in a first direction and a plurality of sensing elec-
trodes which are disposed in parallel in a second direction, the
method including: when a touch type of a previous touch
sensing period is a finger touch, sequentially applying a driv-
ing pulse to a plurality of second driving electrodes but not to
a plurality of first driving electrodes among the plurality of
driving electrodes; and receiving a plurality of sensing signals
based on the driving pulse applied to the plurality of second
driving electrodes.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a diagram schematically illustrating an example
of a configuration of a touch screen device according to
embodiments of the present invention;

FIG. 2 is a diagram for describing a driving pulse applied to
a driving electrode of FI1G. 1;

FIG. 3 is a diagram illustrating an example of a method of
sensing a touch in a finger mode illustrated in FIG. 2;

FIG. 4 is a diagram illustrating an example of a method of
sensing a touch in a pen mode illustrated in FIG. 2;

FIGS. 5 to 7 are diagrams schematically illustrating
examples of a touch screen display device according to
embodiments of the present invention; and

FIGS. 8 and 9 are timing diagrams showing examples of a
method of driving a touch screen display device according to
embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIG. 1 is a diagram schematically illustrating an example
of a configuration of a touch screen device according to
embodiments of the present invention, and FIG. 2 is a diagram
for describing a driving pulse applied to a driving electrode of
FIG. 1.

As illustrated in FIG. 1, a touch screen device 10 includes
a touch screen panel 100 and a touch circuit unit 200.

The touch screen panel 100 includes a plurality of driving
electrodes 112 and a plurality of sensing electrodes 114. The
plurality of driving electrodes 112 are disposed in parallel in
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afirstdirection, and the plurality of sensing electrodes 114 are
disposed in parallel in a second direction.

For example, as illustrated in FIG. 1, the plurality of driv-
ing electrodes 112 may be disposed in parallel in an x axis
direction, and the plurality of sensing electrodes 114 may be
disposed in parallel in a y axis direction.

When a touch type of a previous touch sensing period is a
finger touch, the touch circuit unit 200 sequentially applies a
driving pulse to a plurality of second driving electrodes but
not to a plurality of first driving electrodes among the plural-
ity of driving electrodes 112. When the touch type of the
previous touch sensing period is a pen touch, the touch circuit
unit 200 sequentially applies the driving pulse to all the plu-
rality of driving electrodes 112, and receives a plurality of
sensing signals, based on the applied driving pulse, from the
plurality of sensing electrodes 114.

For example, as illustrated in FIG. 2, a related art driving
method applies the driving pulse to all the driving electrodes
without distinguishing between a finger mode in which a
finger touch is sensed and a pen mode in which a pen touch is
sensed. However, a driving method according to an embodi-
ment of the present invention may apply the driving pulse to
some driving electrodes (for example, odd-numbered driving
electrodes) when a touch type of a previous touch sensing
period is detected as the finger touch. In this case, because the
driving pulse is applied to some driving electrodes instead of
all the driving electrodes, a touch driving time is shortened,
and thus, a touch response time (A/2 ms) according to an
embodiment of the present invention is shorter than a touch
response time (A ms) of the related art driving method.

Moreover, when a touch type of a previous touch sensing
period is recognized as the pen touch, the pen touch is pre-
cisely sensed by applying the driving pulse to all the driving
electrodes.

In other words, unlike the related art driving method that
applies the same method for sensing the finger touch or the
pen touch, the finger mode or the pen mode is selectively
driven based on a touch type of a previous touch sensing
period. In the finger mode, the driving pulse is applied to
some driving electrodes, and thus, low power driving can be
performed. Also, in the finger mode, a touch response time is
shortened, and thus, a touch response speed can increase.

To this end, as illustrated in FIG. 1, the touch circuit unit
200 includes a driver 210 and a sensing unit 220.

When a touch type of a previous touch sensing period is the
finger touch, the driver 210 may sequentially apply the
driving pulse to odd-numbered driving electrodes TX#1,
TX#3, ..., and TX#m (which are second driving electrodes)
but not to even-numbered driving electrodes TX#2,
TX#4, ..., and TX#m-1 (which are first driving electrodes)
among a plurality of driving electrodes TX#1, TX#2, ..., and
TX#m (where m is an odd number).

Alternatively, when the touch type of the previous touch
sensing period is the finger touch, the driver 210 may sequen-
tially apply the driving pulse to the even-numbered driving
electrodes TX#2, TX#4, . . ., and TX#m-1 (which are second
driving electrodes) but not to the odd-numbered driving elec-
trodes TX#1, TX#3, . . ., and TX#m (which are first driving
electrodes) among the plurality of driving electrodes TX#1,
TX#2, ..., and TX#m.

Moreover, when the touch type of the previous touch sens-
ing period is the finger touch, the driver 210 may sequentially
apply the driving pulse to a plurality of second driving elec-
trodes but not to a plurality of first driving electrodes (which
are at least two electrodes) disposed between the plurality of
second driving electrodes among the plurality of driving elec-
trodes TX#1, TX#2, . . ., and TX#m.
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When a touch type detected based on the driving pulse
sequentially applied to the plurality of second driving elec-
trodes is the finger touch, the driver 210 may sequentially
apply the driving pulse to a plurality of first driving electrodes
but not to the plurality of second driving electrodes in a next
touch sensing period.

In other words, when a touch type of a current touch sens-
ing period is the finger touch, the driver 210 may apply the
driving pulse to a driving electrode (to which the driving pulse
is not applied in the current touch sensing period) in a next
touch sensing period, and thus, the driving electrodes may be
alternately driven.

The sensing unit 220 may calculate interpolation data of a
plurality of sensing signals corresponding to a plurality of
first driving electrodes by using raw data of a plurality of
sensing signals corresponding to a plurality of second driving
electrodes. The sensing unit 220 may extract touch coordi-
nates by using the raw data of the sensing signals correspond-
ing to the plurality of second driving electrodes without cal-
culating the interpolation data.

For example, interpolation data may be calculated by inter-
polating raw data corresponding to a plurality of second driv-
ing electrodes adjacent to a plurality of first driving elec-
trodes.

Hereinafter, a finger mode driving method and a pen mode
driving method of a touch screen device according to embodi-
ments of the present invention will be described in detail with
reference to FIGS. 3 and 4.

FIG. 3 is a diagram illustrating an example of a method of
sensing a touch in a finger mode illustrated in FI1G. 2, and FIG.
4 is a diagram illustrating an example of a method of sensing
atouch in a pen mode illustrated in FIG. 2.

For convenience of a description, FIGS. 3 and 4 illustrate
touch electrodes having a diamond shape, but the present
invention is not limited thereto. A number of touch electrodes
having various shapes and sizes may be formed depending on
a change of a design.

Inthe finger mode, as illustrated in FI1G. 3, when the driving
pulse is applied to odd-numbered driving electrodes TX#1,
TX#3 and TX#5 (which are second driving electrodes) for
sensing the finger touch in S301, raw data of sensing signals
based on the driving pulse applied to the odd-numbered driv-
ing electrodes may be calculated in S302, a plurality of sens-
ing signals corresponding to a plurality of second driving
electrodes to which the driving pulse is not applied may be
calculated by interpolating raw data of a plurality of sensing
signals corresponding to a plurality of adjacent first driving
electrodes in S303. For example, interpolation data corre-
sponding to the plurality of second driving electrodes to
which the driving pulse is not applied may be calculated by
interpolating each data by using raw data of the plurality of
adjacent driving electrodes. Finally, touch coordinates in the
finger mode may be calculated by using raw data and inter-
polation data in S304. In one embodiment, touch coordinates
may be extracted by using only raw data of the plurality of
sensing signals corresponding to the plurality of first driving
electrodes.

In the pen mode, as illustrated in FIG. 4, when the driving
pulse is applied to all the driving electrodes for sensing the
pen touch in S401, raw data of a pen-touched point may be
calculated in S402, and touch coordinates in the pen mode
may be extracted by using the calculated raw data in S403. In
one embodiment, touch coordinates in the finger mode may
be extracted by using interpolation data.

Therefore, the touch screen device according to embodi-
ments of the present invention separately performs a finger
touch sensing operation and a pen touch sensing operation,
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and does not apply the driving pulse to all the driving elec-
trodes but applies the driving pulse to some driving elec-
trodes. Accordingly, a load applied to the touch panel is
reduced, thereby decreasing power consumption.

The above-described touch screen device 10 according to
embodiments of the present invention may be coupled to
various types of display panels to configure a touch screen
display device.

Hereinafter, a touch screen display device according to
embodiments of the present invention will be described in
detail with reference to the drawing.

FIGS. 5 to 7 are diagrams schematically illustrating
examples of a touch screen display device according to
embodiments of the present invention.

A case in which a display panel 20 illustrated in FIGS. 5 to
7 isapplied to an LCD device will be described as an example,
but the present invention is not limited thereto. The display
panel 20 may be applied to various display devices such as
field emission displays (FEDs), plasma display panels
(PDPs), electroluminescent displays (ELDs), and electro-
phoretic displays (EPDs). A general configuration ofthe LCD
device is not described for the sake of brevity.

In a touch screen display device 1 according to embodi-
ments of the present invention, as illustrated in FIG. 5, a touch
screen panel 100 of the touch screen device 10 may be dis-
posed on an upper polarizer POL1 of the display panel 20, or
asillustrated in F1G. 6, the touch screen panel 100 of the touch
screen device 10 may be disposed between the upper polar-
izer POL1 and an upper substrate GLS1 of the display panel
20. Alternatively, as illustrated in FIG. 7, the touch screen
panel 100 of the touch screen device 10 may be built into the
display panel 20. Here, GL.S2 refers to a lower substrate, and
POL.2 refers to a lower polarizer.

At least one of a plurality of driving electrodes and a
plurality of sensing electrodes included in the touch screen
panel 100 of FIG. 7 may perform a function of a touch
electrode and a function of a common electrode.

For example, when the plurality of driving electrodes per-
form the function of the touch electrode and the function of
the common electrode, the plurality of sensing electrodes
may perform the function of the touch electrode. For another
example, when the plurality of sensing electrodes perform the
function of the touch electrode and the function of the com-
mon electrode, the plurality of driving electrodes may per-
form the function of the touch electrode. Also, the plurality of
driving electrodes and the plurality of sensing electrodes may
all perform the function of the touch electrode and the func-
tion of the common electrode.

Hereinafter, a method of driving a touch screen display
device according to embodiments of the present invention
will be described in detail with reference to the drawing.

FIGS. 8 and 9 are timing diagrams showing examples of a
method of driving a touch screen display device according to
embodiments of the present invention.

A timing diagram of FIG. 8 may correspond to a timing
diagram of the touch screen display device illustrated in
FIGS. 5 and 6, and a timing diagram of FIG. 9 may corre-
spond to a timing diagram of the touch screen display device
illustrated in FIG. 7.

A touch screen display device according to the timing
diagram of FIG. 8 determines whether there is a touch, sepa-
rately from driving of the display panel. When a touch type of
a previous touch sensing period is recognized as the pen
touch, the touch screen display device operates in the pen
mode where the driving pulse is sequentially applied to a
plurality of driving electrodes TX#1, TX#2, . . ., and TX#m.
When the touch type of the previous touch sensing period is
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recognized as the finger touch, the touch screen display
device operates in the finger mode where the driving pulse is
sequentially applied to odd-numbered driving electrodes
TX#1, TX#3, . . ., and TX#m but not to even-numbered
driving electrodes TX#2, TX#4, TX#m-1 among the plural-
ity of driving electrodes TX#1, TX#2, . . . , and TX#m.
Therefore, in the finger mode, a touch response time is short-
ened, and thus, a touch response speed can be increased.

In a touch screen display device according to the timing
diagram of FIG. 9, a display panel is built into a touch screen
panel, and thus, a display driving operation and a touch driv-
ing operation may be temporally divided for different frames.

In touch driving, similarly to FIG. 8, when a touch type of
a previous touch sensing period is recognized as the pen
touch, the touch screen display device operates in the pen
mode where the driving pulse is sequentially applied to a
plurality of driving electrodes TX#1, TX#2, .. ., and TX#m.
When the touch type of the previous touch sensing period is
recognized as the finger touch, the touch screen display
device operates in the finger mode where the driving pulse is
sequentially applied to odd-numbered driving electrodes
TX#1, TX#3, . . ., and TX#m but not to even-numbered
driving electrodes TX#2, TX#4, TX#m-1 among the plural-
ity of driving electrodes TX#1, TX#2, . . ., and TX#m. When
atouch type recognized in touch driving is the finger touch, a
touch is continuously sensed in the finger mode, but when the
touch type is the pen touch, a touch may be sensed in the pen
mode in touch driving of a next frame. As a result, when a
touch is sensed in the finger mode, the driving pulse is applied
to some driving electrodes, and thus, power consumption and
a touch response time are reduced. Accordingly, a touch
response speed can be increased.

The timing diagram of FIG. 9 shows that each of display
driving and touch driving is performed once in each frame,
but the present invention is not limited thereto. In another
embodiment, display driving and touch driving may be alter-
nately performed in each frame. Also, in this case, a display
driving frequency may be adjusted to 60 Hz, 120 Hz, 240 Hz,
or more according to the number and time of display driving,
and a touch report rate may be adjusted to 60 Hz, 100 Hz, or
more according to the number and time of touch driving.

Therefore, the touch screen device according to embodi-
ments of the present invention separately performs a finger
touch sensing operation and a pen touch sensing operation,
and does not apply the driving pulse to all the driving elec-
trodes but applies the driving pulse to some driving elec-
trodes. Accordingly, a load applied to the touch panel is
reduced, thereby decreasing power consumption.

According to the embodiments of the present invention,
since a finger touch sensing operation and a pen touch sensing
operation are performed separately from each other, the driv-
ing pulse is not applied to all the driving electrodes but is
applied to some driving electrodes, and thus, a load applied to
the touch panel is reduced, thereby decreasing power con-
sumption.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A touch screen device comprising:

a touch screen panel configured to include a plurality of
driving electrodes, which are disposed in parallel in a
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first direction, and a plurality of sensing electrodes
which are disposed in parallel in a second direction; and

a touch circuit unit configured to:

during a first touch sensing period for sensing a pen
touch, (i) sequentially apply a driving pulse to the
plurality of driving electrodes, and (ii) receive, from
the plurality of sensing electrodes, a first plurality of
sensing signals responsive to the driving pulse applied
to the plurality of driving electrodes during the first
touch sensing period;

during a second touch sensing period for sensing a finger
touch, (i) sequentially apply the driving pulse to a first
subset of the plurality of driving electrodes but not to
a second subset of the plurality of driving electrodes,
and (ii) receive, from the plurality of sensing elec-
trodes, a second plurality of sensing signals respon-
sive to the driving pulse applied to the first subset of
the plurality of driving electrodes but not to the sec-
ond subset of the plurality of driving electrodes during
the second touch sensing period.

2. The touch screen device of claim 1, wherein the first
subset of the plurality of driving electrodes are even-num-
bered driving electrodes, and the second subset of the plural-
ity of driving electrodes are odd-numbered driving elec-
trodes.

3. The touch screen device of claim 1, wherein the first
subset of the plurality of driving electrodes are odd-numbered
driving electrodes, and the second subset of the plurality of
driving electrodes are even-numbered driving electrodes.

4. The touch screen device of claim 1, wherein at least two
of the first subset of the plurality of driving electrodes are
disposed between adjacent ones of the second subset of the
plurality of driving electrodes.

5. The touch screen device of claim 1, wherein the touch
circuit unit is further configured to, during a third touch
sensing period for sensing the finger touch, sequentially apply
the driving pulse to the second subset of the plurality of
driving electrodes but not to the first subset of the plurality of
driving electrodes.

6. The touch screen device of claim 1, wherein the touch
circuit unit is further configured to calculate interpolation
data of a plurality of sensing signals corresponding to the
second subset of the plurality of driving electrodes by using
raw data of a plurality of sensing signals corresponding to the
first subset of plurality of driving electrodes.

7. The touch screen device of claim 6, wherein the inter-
polation data is calculated by interpolating the raw data cor-
responding to the first subset of the plurality of driving elec-
trodes which are respectively adjacent to the second subset of
the plurality of driving electrodes.

8. A touch screen display device comprising:

the touch screen device of claim 1; and

a display panel disposed on the touch screen panel of the

touch screen device.
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9. A touch screen display device comprising:

the touch screen device of claim 1; and

a display panel into which the touch screen panel of the

touch screen device is built,

wherein at least one of the plurality of driving electrodes

and the plurality of sensing electrodes performs a func-
tion of a touch electrode and a function of a common
electrode.

10. A method of driving a touch screen device, including a
touch circuit unit and a touch screen panel, the touch screen
panel including a plurality of driving electrodes which are
disposed in parallel in a first direction, and a plurality of
sensing electrodes which are disposed in parallel in a second
direction, the method comprising:

during a first touch sensing period for sensing a pen touch,

(1) sequentially applying a driving pulse to the plurality
of driving electrodes, and (ii) receiving, from the plural-
ity of sensing electrodes, a first plurality of sensing
signals responsive to the driving pulse applied to the
plurality of driving electrodes during the first touch sens-
ing period;

during a second touch sensing period for sensing a finger

touch, (i) sequentially applying the driving pulse to a
first subset of the plurality of driving electrodes but not
to a second subset of the plurality of driving electrodes,
and (ii) receiving, from the plurality of sensing elec-
trodes, a second plurality of sensing signals responsive
to the driving pulse applied to the first subset of the
plurality of driving electrodes but not to the second
subset of the plurality of driving electrodes during the
second touch sensing period.

11. The method of claim 10, further comprising:

during a third touch sensing period for sensing the finger

touch, sequentially applying the driving pulse to the
second subset of the plurality of driving electrodes but
not to the first subset of the plurality of driving elec-
trodes.

12. The method of claim 10, further comprising:

calculating interpolation data of a plurality of sensing sig-

nals corresponding to the second subset of the plurality
of driving electrodes by using raw data of a plurality of
sensing signals corresponding to the first subset of plu-
rality of driving electrodes.

13. The method of claim 12, wherein the interpolation data
is calculated by interpolating the raw data corresponding to
the first subset of the plurality of driving electrodes which are
respectively adjacent to the second subset of the plurality of
driving electrodes.

14. The touch screen device of claim 1, wherein the first
touch sensing period and the second touch sensing period are
not overlapping.



